Background: Thiazolidinedione is a pentacyclic moiety having five membered unsaturated ring system composed with carbon, oxygen, nitrogen and sulfur molecules at 1 and 3 position of the thiazole ring and widely found throughout nature in various form. They favourably alter concentration of the hormones secreted by adipocytes, particularly adiponectin. They also increase total body fat and have mixed effects on circulating lipids. Thiazolidinedione nucleus is present in numerous biological moieties and has different pharmacological activities likes, e.g. antimalarial, antimicrobial, antimycobacterial, anticonvulsant, antiviral, anticancer, anti-inflammatory, antioxidant, anti-HIV (human immunodeficiency virus) and antituberculosis.
Background
Thiazolidinedione is a pentacyclic moiety having five membered unsaturated ring system composed with carbon, oxygen, nitrogen and sulfur molecules at 1 and 3 position of the thiazole ring [1] . Thiazolidinedione nucleus is widely found throughout the nature in various forms and have biological activities like antidiabetic [2] , antitubercular [3, 4] , anticancer activity [5] , antimicrobial [6] , antioxidant [7] and anti-inflammatory [8] . However, owing to the swift development of new molecules containing this nucleus many research reports have been generated in a brief span of time. Therefore, seems to be requirement to collect recent information in order to understand the current status of the thiazolidinedione nucleus in medicinal chemistry research and specially focuses on the numerous attempts to synthesized and investigate new derivatives with more effective activity [9] .
In the last decay, increased resistance of microorganism towards present antimicrobial drugs become a serious problem, that's why there is a huge requirement of safe, potent and new antimicrobial drugs. Antimicrobial resistance refers to the microorganisms that developed the ability to prohibit, inactivate or block the inhibitory or lethal effects of antimicrobial agents. The antimicrobial resistance towards Gram-positive and Gram-negative strain caused life-threatening infectious diseases in many countries [10] . Antimicrobial drugs are the most powerful incentives in preventing the disease caused by bacteria [9] . The number of antimicrobial drugs available in the market is vast, but there is a need to discover novel antimicrobial agents with better pharmacodynamic and pharmacokinetic properties with lesser or no side effects. Most of thiazolidinediones exhibit good bactericidal activity against various Gram-positive and Gram-negative microbial species. The bactericidal activity of thiazolidinediones derivatives depends on the nature of substitution on the heterocyclic thiazolidine ring rather than the aromatic moiety [11] .
Diabetes is a major health problem today, as approximately 5% of the world's population suffers from diabetes. Type I is prevalent in 10% of diabetes patients and an autoimmune disease of the pancreas, which causes decreased insulin secretion. On the other hand, Type II is prevalent in 90% of the patients where insulin resistance and abnormal carbohydrate metabolism are considered to be the causative [12] . For example, International Diabetes Federation calculated that 4.9 million people deaths over worldwide are due to diabetes, using modeling to calculate the total amount of deaths that could be directly or indirectly attributed to diabetes. Diabetes mellitus occurs throughout the world but it commonly (especially Type 2) occur in more developed countries. The increase in the rate in developing countries follow the trend of urbanization and lifestyle changes, including increasingly sedentary lifestyle, less physically demanding work and the global nutrition transition, marked by increasing intake of foods that are high energy-dense but nutrientpoor (often high in sugar and saturated fats, something referred to as the "western-style" diet) [13] . Thiazolidinediones and their derivatives recently attracted the attention of researchers in exploring their potential as antioxidant agents [7] . Oxidative stress seems to play an important role in many diseases, including cancers. The use of antioxidants in pharmacology is intensively studied, particularly for stroke and neurodegenerative disease [14] . Oxidation of food either by free radicals or by atmospheric oxygen is a serious procedure, which causes the loss of nutritional values and changes in chemical composition. Main function of antioxidant is to neutralize free radicals, which scavenge reactive oxygen species that causes oxidative disease like, neurovascular, autoimmune and cardiovascular disease [7] .
Many of the approved drugs having thiazolidinedione moiety are available in commercial market, some of them are given in Fig. 1 . Owing to the pharmacological significance of thiazolidinediones derivatives, we have planned to synthesize different biologically active scaffolds of thiazolidinediones followed by their in vitro antimicrobial, antidiabetic and antioxidant activities.
Results and discussion

Chemistry
In this research work, we synthesized a new series of 5-(substituted benzaldehyde) thiazolidine-2,4-dione analogues using the Knovengeal condensation and the Table 2 .
Antidiabetic activity
The results of antidiabetic activity showed that few of synthesized compounds exhibited considerable antidiabetic activity while other showed good to moderate antidiabetic activity. In this series, only compounds 12 and 15 exhibited excellent antidiabetic activity with IC 50 value of 27.63 and 22.35 μg/ml ( Table 3 ). The IC 50 value was calculated via the graph plotted between % inhibition and compound (Figs. 2, 3 and 4).
Antioxidant activity
The results of antioxidant activity showed that few of synthesized derivatives showed considerable antioxidant activity while the other showed good to moderate antioxidant activity. Among them, compounds 3 and 19 exhibited excellent antioxidant activity (IC 50 = 29.04 and 27.66 μg/ml), respectively. The presented results are showing in Table 4 . The IC 50 value was calculated via the graph plotted between % inhibition and compound (Figs. 5, 6 and 7).
SAR (structure activity relationship) studies
From the antimicrobial, antidiabetic and antioxidant activities results of newly synthesized 5-(substituted benzaldehyde) thiazolidine-2,4-dione derivatives, the consequently structure activity relationship can be derived ( 
Experimental section
Synthesized thiazolidine-2,4-diones derivatives followed the general procedure as discussed in Scheme 1. All reagents and solvents used in the study were of both laboratory and analytical grade. 
General procedure for the synthesis of thiazolidine-2,4-diones derivatives (1-21)
Step-a: Synthesis of thiazolidine-2,4-dione (A) Chloroacetic acid (0.1 mol) in 10 ml of water and thiourea (0.1 mol) dissolved in 10 ml of water, both the solution were mixed and stirred for 15 min until white precipitate was obtained then cooled. After that 10 ml hydrochloric acid was added slowly in a reaction mixture with a dropping funnel. The flask was then connected with a reflux condenser and gentle heat applied, after that the reaction mixture was stirred and refluxed for 8-10 h at 100-110 °C. The product was cooled, filtered, washed and dried at room temperature followed by recrystallization with suitable solvent [9] .
Step-b: Synthesis of N′-(Subtituted benzaldyhyde)-2,4-thiazolidinedione (B)
The solution of 2,4-thiazolidinedione (A) (0.01 mol) and different benzaldehyde (0.01 mol) was suspended in ethanol/DMF/methanol with catalytic amount of piperidine (1 ml) and mixture was shaken for few minutes and then refluxed for 48-72 h. After that the reaction mixture was cooled at room temperature. The product precipitated out from ethanol and separated by using separating funnel followed by recrystallization with suitable solvent [9] .
Spectral data of synthesized thiazolidinediones derivatives
FT-IR (KBr pellets, cm 
Compound
2: 5-(4-Chlorobenzylidene)thiazolidine-2,4-dione (IR) 3046 (C-H str., aromatic), 1486
(C=C str., aromatic), 1622 (-CONH str., amide), 1704 (-CO str., carbonyl), 1607 (C=C str., aliphatic), 2618 (S str., thiazole ring), 764 (C-Cl str., aromatic)); 13 
Compound
5:
5-(4-Hydroxybenzylidene)thiazolidine-2,4-dione (IR) 3125 (C-H str., aromatic), 1444 (C=C str., aromatic), 1679 (-CONH str., amide), 1725 (-CO str., carbonyl), 1572 (C=C str., aliphatic), 2555 (S str., thiazole ring), 3316 (-OH str., aromatic)); 
Biological activities
Antimicrobial activity
The in vitro antimicrobial activity of synthesized compounds was done by tube dilution method against Gram-positive bacteria: Staphylococcus aureus, Bacillus subtilis, Gram-negative bacteria: Escherichia coli, Klebsiella pneumonia, Salmonella typhi and fungal: Candida albicans and Aspergillus niger strains [15] using cefadroxil and fluconazole as standard. Dilutions of test and standard compounds were prepared in double strength nutrient broth for bacterial strains and Sabouraud dextrose broth for fungal strains [16] . The samples were incubated at 37 ± 1 °C for 24 h (for bacterial species), at 25 ± 1 °C for 7 days (A. niger) and at 37 ± 1 °C for 48 h (C. albicans) respectively and the results were recorded in terms of MIC (the lowest concentration of test substance which inhibited the growth of microorganisms).
Antidiabetic activity
All the synthesized compounds were evaluated against α-amylase inhibitory activity by using diastase based on colorimetric method [17] . 0.25 g of soluble potato starch was dissolved in 50 ml of 20 mM phosphate buffer by heating for 15 min. 1 mg diastase (amylase enzyme) was mixed in 100 ml of 20 mM phosphate buffer (pH 6.9) to obtain the enzyme solution. Different concentrations of all the synthesized derivatives were prepared by dissolving them in DMSO. The color reagent was prepared by mixing 20 ml of 96 mM 3,5-dinitrosalicylic acid with 5.31 M sodium potassium tartrate in 8 ml of 2 M sodium hydroxide and 12 ml deionized water. 1 ml of enzyme solution was mixed with 1 ml of each synthesized derivatives and incubated for 10 min at 25 °C. Then 1 ml of this mixture was mixed with 1 ml of soluble potato starch solution in a tube and incubated for 10 min at 25 °C. Then tubes were closed after adding 1 ml of color reagent and placed into water bath for 15 min at 85 °C. The reaction mixture was removed from water bath after 15 min. After cooling, the reaction mixture was diluted with 9 ml of distilled water and the absorbance was taken at 540 nm in UV spectrophotometer. Blank solution was prepared by replacing the enzyme solution with buffer solution and absorbance was taken. Measurement of control was performed in identical manner by replacing the synthesized derivatives in 1 ml of DMSO. Acarbose solution was used as a standard drug [18] . Percentage inhibition of α-amylase enzyme was calculated by using following formula:
Antioxidant activity
The antioxidant activity of the newly synthesized compounds were evaluated spectrophotometrically using free radical scavenging method by DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. The DPPH is a stable free radical with maximal absorption at 517 nm and is reduced to a corresponding hydrazine when it reacting with hydrogen donors. When DPPH reacts with an antioxidant agent, gets reduced by donating hydrogen and its color change from deep violet to yellow, which shows a considerable decrease in absorption at 517 nm. DPPH solution (3 μg/ml) was prepared in methanol and DPPH (in 1:1) solution was used for blank reference. Four dilutions of different concentrations (25, 50, 75 and 100 μg/ml) of each synthesized compound and standard (ascorbic acid) were prepared in the methanol and 1 ml of each concentration was added to 1 ml of DPPH solution. The solution mixture was shaken vigorously and kept in dark place for 30 min at room temperature and absorbance was measured by UV at 517 nm [19] .
Percentage inhibition of Free radical DPPH was calculated as follows:
(1) % Inhibition = A Blank − A Sample A Blank × 100
• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations maximum visibility for your research: over 100M website views per year
•
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions
Ready to submit your research ? Choose BMC and benefit from:
where, A Blank : absorbance of the blank reaction, A Sample : absorbance of the test compound.
Conclusion
Summarizing, we may conclude that the presence of electron withdrawing group (o-NO2, compound 4, MIC = 4.5 μM/ml) improved the antibacterial activity against E. coli while presence of p-Cl, p-Br groups, compounds 3 (IC 50 = 29.04 μg/ml) and 9 (IC 50 = 27.66 μg/ ml) improved the antioxidant activity. Authors' contributions PKV designed research and MS performed research and ST analyzed the spectral data and biological data and wrote the paper. All authors read and approved the final manuscript.
